Introduction
Despite the fact that cutaneous melanoma makes up for as few as 4% of all diagnosed skin cancers, it is the cause of 75% of skin cancer deaths. 1 Despite being curable when diagnosed in the early stage, it still poses a challenge in the more advanced cases. 2 The incidence of melanoma has been significantly increasing over the recent years. 
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Therefore, no effort is spared to clarify the mechanisms of melanomagenesis as well as to determine the risk and prognostic factors and thus to improve the effectiveness of melanoma treatment, which, despite the discovery of novel agents, still poses difficulties. [2] [3] [4] FOX proteins constitute a large family of transcription factors playing a pivotal role during ontogenesis as well as in the adult life. 5 FOX proteins bind to DNA through a forkhead domain (FHD), also known as winged helix domain. 5, 6 FHD consists of three N-terminal α-helix regions, three β-strands, and two loops (called "wings" or "wing domains") toward its C-terminal region. [5] [6] [7] In order to simplify the nomenclature, classification, and identification of the FOX proteins, a unified nomenclature was established in 2000. FOX transcription factors were divided into subfamilies designated by a letter. 8 Members of the same subfamily were given an additional Arabic numeral. 8 Studies conducted to date identified 19 FOX subfamilies (A-S). 5 The FOXP group (one of the subfamilies) differs structurally and shows a broader spectrum of functions in comparison with other FOX subfamilies. 7 The FHD is C-terminally located and contains deletions in its wing regions. 6, 7 Apart from that, FOXP transcription factors share zinc finger and leucine zipper motif, which gives them the ability to form heterodimers. 6, 7 At the molecular level, FOXP proteins act mainly as transcriptional repressors. 7 FOX protein P1 (FOXP1) has an important function in neuronal development. 9 Mutations of its gene, FOXP1, located on chromosome 3p14.1, 7 can result in the development of autism spectrum disorder, intellectual disability, speech and language deficits as well as motor development delay.
9 FOXP1 is also engaged in lung and esophagus morphogenesis, as well as in B-cell development. 7, 10 The widely researched role of FOXP1 in carcinogenesis is of great importance, although still unclear to some extent.
On the one hand, FOXP1 acts as an oncogene. 7 Its overexpression in diffuse large B-cell lymphomas (DLBCLs) and marginal zone lymphomas is associated with poor patient prognosis. 7, 11 Moreover, the overexpression of FOXP1 in mucosa-associated lymphoid tissue lymphomas is related to a high risk of transformation into DLBCLs. 7, 12 It is suggested that downregulated expression of FOXP1 might also be prognostically valuable in the case of all lymphomas originating from lymphocytes.
11 FOXP1 influences many aspects of lymphomagenesis. First, it promotes cell survival by repressing S1PR2 signaling. Apoptotic processes are also suppressed thanks to cooperation between FOXP1 and nuclear factor-κB, which is the case in activated B-cell like subtype DLBCL (ABC-DLBCL) cells. FOXP1 overexpression also disrupts terminal B-cell differentiation in ABC-DLBCL cells by inhibiting major histocompatibility complex class II expression. 13 Furthermore, overexpressed FOXP1 activates Wnt/β-catenin signaling in germinal center B-cell like subtype DLBCL (GC-DLBCL) cells by forming a complex with TCF7L2 and CBP at Wnt target gene promoters and by enhancing β-catenin acetylation by CBP. Therefore, FOXP1 is a key factor in DLBCL pathogenesis, which occurs in both subtypes of this neoplasm. 13 However, it has been shown that ABC-DLBCL cells are more dependent on FOXP1 compared with GC-DLBCL ones. In one study, two ABC-DLBCL cell lines (TMD8 and HBL-1) underwent FOXP1 knockdown resulting in their apoptosis, while the FOXP1 knockdown in GC-DLBCL cell lines did not induce cell death. 14 Interestingly, FOXP1 may also be a tumor suppressor. 7 Decreased FOXP1 protein expression is an unfavorable factor for solid tumors (breast cancer, prostate cancer, endometrial cancer, non-small-cell lung carcinoma, colorectal cancer, epithelial ovarian cancer, and neuroblastoma). 11 The mechanisms of suppressive influence of FOXP1 have not been fully understood yet, but recent studies have shed light on some oncogenetic aspects.
This study intended to examine FOXP1 expression and prognostic significance in primary skin melanomas. We analyzed correlations between FOXP1 immunoreactivity in tumoral and stromal compartments and detailed clinicopathological parameters. We believe that to date no other report has been published on the correlations between FOXP1 expression in melanoma and clinicopathological as well as histological characteristics of this tumor.
Materials and methods Patients
Our study group was composed of 96 cutaneous melanoma patients treated at the Lower Silesian Oncology Center in Wroclaw, Poland, diagnosed in 2005-2010. Patients were enrolled in this study based on the availability of their medical documentation and tissue material, which included paraffin blocks and histopathology slides. Comprehensive clinical data were retrieved from the archival medical records, and data concerning the diagnostic and therapeutic procedures used were sourced from the cancer outpatient clinic at the Lower Silesian Oncology Center and Lower Silesian Cancer Registry, as well as Civil Register Office.
This study was reviewed and approved by the ethics committee of the Wroclaw Medical University, Wroclaw, Poland (No 478/2017). The study was retrospectively performed, and additional informed consent was not required by the ethics committee (the patients did not personally participate in the study, and the results of the planned study 
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FOXP1 expression in melanoma did not have any influence on the original treatment of these patients because it had already been finished). This study was performed in accordance with the Declaration of Helsinki.
Records were reviewed for clinical and pathological data (age and gender), primary tumor (pT) location, tumor stratification according to pT, the presence or absence of nodal and distant metastases, information on disease recurrence, and sentinel lymph node biopsy (SLNB) procedures (Table 1) .
Archival formalin-fixed, paraffin-embedded tumor specimens were analyzed. Specifically, all H&E-stained sections of the pT were examined independently by two pathologists who reported data such as Breslow thickness, Clark level, histological type, mitotic rate (the number of mitotic figures per 1 mm 2 ), the presence of ulceration, lymphangioinvasion, microsatellitosis, the intensity of tumor-infiltrating lymphocytes (TILs), and microscopic evidence of regression ( Table 2) .
immunohistochemistry (ihc)
Immunohistochemical evaluation of FOXP1 expression (mouse monoclonal antibody, clone 3F12, LS-C114491; dilution 1:150; LifeSpan Biosciences, Seattle, WA, USA) was performed on 4-µm-thick paraffin sections mounted on silanized slides (code number S 3003; Dako Denmark A/S, Glostrup, Denmark). The sections were then deparaffinized, rehydrated, and subjected to heat-induced epitope unmasking. pT Link was the module applied for this purpose (EnVision™ Target Retrieval Solution was used for 20-to 40-minute incubation at 97°C). Immunohistochemical test was performed by using Autostainer Link and EnVision™ FLEX/HRP (SM802; Dako Denmark A/S).
evaluation of ihc
FOXP1 was expressed in two cellular compartments, namely TCs and SCs, both as a cytoplasmic distribution. A different IHC reaction assessment system was applied for every cell type.
FOXP1 expression in TCs was evaluated by using a semi-quantitative method with the two immunohistochemical reaction parameters: the percentage of cells with a positive cytoplasmic reaction (the percentage of reactive tissue) and reaction intensity. The final immunohistochemical reaction 15 in which the percentage of stained cells (0-4 points) and the intensity of reaction (0-3 points) were taken into account. The IRS that has a value of 0-12 points is the result of the multiplication of the scores for these two parameters.
Five hot spots with the highest intensity of a corresponding IHC reaction at a magnification of 400× (high-power field [HPF]) were evaluated to determine FOXP1 immunoreactivity in SCs. Final interpretation of IHC reaction with anti-FOXP1 antibody was based on nonmalignant morphology of cells, namely small, normochromatic nuclei; no nuclear shape aberrations; no nucleoli; and normal nuclear/ cytoplasmic ratio. The mean number of FOXP1-positive cells was calculated in each case, and subsequently, the tumors were grouped into three categories: no FOXP1 expression in SCs (the mean number of positive SCs ,1/HPF), low expression in SCs (the mean number of positive SCs 1/HPF and ,20/HPF), and high expression in SCs (the mean number of positive SCs 20/HPF).
statistical analysis
For the purpose of statistical analysis, we introduced two divisions of the whole group. First division was based on the IRS of TCs. We used the median score of IRS=4 as a cutoff point. Patients whose specimens scored higher (IRS 4) were classified as a group with high FOXP1 expression, and those who scored 4 were a group with low FOXP1 expression. With regard to FOXP1 expression in stromal compartment, we compared cases with no FOXP1 expression in SCs to cases with present FOXP1 expression in SCs (tumors with low and high expressions, as described above, were grouped together). Nominal variables were 
Results
FOXP1 expression in melanoma cells and stromal compartment
Elevated expression of FOXP1 in TCs, defined as IRS 4, was observed in 44% (42 of 96) of cases, while the remaining 56% (54 of 96) of cases demonstrated no/low expression. Mean IRS for FOXP1 expression in TCs was 4.67±3.7 (median=4; Figure 1 ).
FOXP1 expression in stromal compartment was observed in 81.25% of pTs (78 of 96); 18.75% (18 of 96) of cases had no FOXP1-expressing SCs (Figure 1 ).
analysis of correlations between FOXP1 expression in melanoma cells and clinicopathological parameters
Increased FOXP1 expression was correlated with a more advanced pT (p=0.0440; We observed no statistically significant associations between FOXP1 IRS and commonly assessed histopathological characteristics, ie, Breslow thickness, Clark level, histological type, mitotic rate, the presence of ulceration, TIL grade, the presence of microsatellitosis, and tumor regression ( Table 2) and less advanced Clark level (p=0.0112; Table 2 ) was observed. A correlation between FOXP1 immunoreactivity in SCs and lack of ulceration of the pT (p=0.0177; Table 2 ) was also observed. However, no associations between immuno expression of FOXP1 in SCs and other histopathological parameters (histological type, mitotic rate, TIL grade, the presence of microsatellitosis, and tumor regression) were found ( Table 2) . We did not observe any correlation between FOXP1 expression in SCs and age, gender, or the location of primary lesion ( Table 1) .
impact of FOXP1 immunoreactivity in melanoma cells and stromal compartment on 5-year survival 
clinicopathological parameters and survival of melanoma patientsmultivariable cox analysis
It was demonstrated that the independent unfavorable prognostic factors that have a statistically significant effect on cutaneous melanoma patients' survival in the context of CSOS are Breslow thickness (p=0.01, HR=1.16, 95% CI=1.04-1.31) and high expression of FOXP1 in melanoma cells (p=0.03, HR=0.32, 95% CI=0.11-0.89; Table 3 ). Similar results were observed in the context of DFS, but interestingly age also had a significant impact on shorter DFS (p=0.04, HR=0.97, 95% CI=0.94-0.99; Table 3 ). A and B, respectively) . elevated numbers of FOXP1-positive stromal cells had no significant impact on CSOS and DFS (C and D, respectively). Abbreviations: CSOS, cancer-specific overall survival; DFS, disease-free survival. the presence of FOXP1 in stromal compartment was connected with thin nonulcerated melanoma and no regional lymph node metastases. The results seem to be contradictory to the belief that elevated level of FOXP1 protein is a favorable prognostic factor in solid tumors. However, results similar to ours were OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com
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Donizy et al observed in hepatocellular carcinoma (HCC) study group, where FOXP1 overexpression was correlated with an aggressive cancer phenotype. 16 Moreover, it was proven that overexpressed FOXP1 could be used as a biomarker of early HCC in liver cirrhosis associated with hepatitis B virus infection. 17 This phenomenon was further investigated, and silencing of FOXP1 gene impaired the HCC cell growth ability in vitro, while knockdown of the gene decreased HCC cells' tumorigenicity. 18 Downregulation of FOXP1 resulted in G1/S cycle arrest with reduced expression of total Rb, phosphorylated Rb, and E2F1, while expression of cyclin-dependent kinase 4 (CDK4), cyclin-dependent kinase 6 (CDK6), and cyclin D1 did not change noticeably. 18 These results suggest that FOXP1 overexpression inhibits G1/S cycle arrest by promoting Rb phosphorylation via CDK4-and CDK6-independent pathway. 18 The same mechanism could be responsible for worse survival in patients with melanoma exhibiting increased expression of FOXP1 protein. This discrepancy should be clarified in more advanced clinicopathological studies.
In our study, we observed FOXP1 expression only in the cytoplasmic compartment with no nuclear immunoreactivity. In HCC, FOXP1 was also predominantly present in the cytoplasm (both nuclear staining and cytoplasmic staining were present only in a few samples). 16 This finding was correlated with higher tumor diameter, higher serum α-fetoprotein levels, and more advanced stage in tumor, node, and metastasis classification, which is why FOXP1 is considered a novel independent negative prognostic factor in this neoplasm. 16 Moreover, cytoplasmic expression of FOXP1 in endometrial cancer cells was correlated with increased HIF1-α expression and deeper myometrial invasion, while nuclear immunoreactivity of FOXP1 was associated with the expression of estrogen receptor-α. 19 The abovementioned results combined with our findings indicate that FOXP1 may function as an oncogene in solid neoplasms.
Studies on ovarian cancer have cast new light on the function of FOXP1 protein in the progression of tumor. In one study, higher expression of FOXP1 resulted in increased cell migration and the patients being unresponsive to paclitaxel or cisplatin treatment, while underexpression of FOXP1 exerted opposite effects. 20 FOXP1 gene upregulation in chemoresistant ovarian tissues was also demonstrated by Kim et al. 21 Another study showed downregulation of FOXP1 in the nuclear compartment and increased expression in the cytoplasmic compartment with an increasing degree of malignancy and tumor staging. 22 It is worth noting that detailed analysis of the references revealed that the majority of studies concentrated on FOXP1 as a prognostic factor in human tumors, suggesting that decreased FOXP1 expression was correlated with poor clinical outcome. 19, [22] [23] [24] [25] [26] [27] Most of these studies were discussed and summarized in a meta-analysis done by Xiao et al in 2016, where the FOXP1 protein was shown to act as a tumor suppressor in solid neoplasms. 11 In our study, overexpression of FOXP1 protein in TCs resulted in more advanced tumor stage and poorer prognosis, while elevated expression of FOXP1 in SCs (predominantly in tumor-associated macrophages [TAMs]) was associated with lower tumor stage. Metabolic activity of TAMs in the local immune environment is thought to support melanomagenesis and immune escape. [28] [29] [30] Macrophages, however, constitute a heterogeneous cell population with dynamically changing phenotype during carcinogenesis. M1 cells are antineoplastic agents, promoting inflammatory response via tumor necrosis factor-α, while macrophages with M2 phenotype help the tumor avoid immune surveillance. 30 Initially, M1-type macrophages mediate response to tumor antigens, yet they often rapidly switch to M2 phenotype; this phenomenon is promoted by cytokines produced and secreted by TCs. 31, 32 FOXP1 is known to play a pivotal role in monocyte differentiation and macrophage functions. Overexpression of this protein inhibits these processes by repression of c-Fms/M-CSFR (receptor for macrophage colony-stimulating factor). 33 Furthermore, Epstein-Barr virus-encoded miR-BART11 was observed to promote carcinogenesis of inflammation-induced nasopharyngeal carcinoma (NPC) and gastric cancer (GC), targeting FOXP1 molecule, resulting in its downregulation. 34 Conversely, overexpression of FOXP1 inhibited differentiation of monocytes and thus NPC and GC cell growth. 34 This finding would be concordant with our observations regarding the association between elevated FOXP1 expression in SCs and less advanced melanoma stage. However, since no in vivo or in vitro studies have been performed in the context of stromal FOXP1 immunoreactivity in cutaneous melanoma, further studies are necessary to identify molecular mechanisms involved in this process.
Conclusion
FOXP1's function in solid neoplasms can depend on its cellular distribution -the nuclear one may inhibit tumorigenesis, while the cytoplasmic localization may result in oncogenesis. The oncogenic mechanism of FOXP1 can depend on Rb phosphorylation as it was shown in HCC. 18 One cannot exclude other factors, eg, cooperation with other proteins or signaling cascades typical of particular tumors which could influence FOXP1's role as either an oncogene or a tumor suppressor. 7 It is also possible that there are several isoforms of FOXP1, indistinguishable by IHC, and that the tumorigenetic activity depends on the isoform type. 7 Moreover, the 
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FOXP1 expression in melanoma role of FOXP1 in SCs is also of paramount importance, as the overexpressed protein contributes to hindering of monocyte differentiation and thus inhibiting tumor growth. 33, 34 Taken together, the data suggest that the nature of FOXP1 is far more complex than believed hitherto, and its role in tumorigenesis merits further investigation, particularly in terms of the development of new, effective antineoplastic drugs targeted on FOXP1.
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